A microstrip compact size second order bandpass filter for wireless applications is presented. The band pass filter is based on Composite Right/Left handed transmission line. The two resonators are designed using only one composite right left handed unit cell. The bandpass filter has the advantage of compactness (its size is only 2.3 X 2.3 cm 2 ). A second order band pass filter with centre frequency of 4.77GHZ is designed, simulated and measured. The filter has bandwidth of 200MHz and insertion loss lower than 1.8 dB is achieved within pass band. A good agreement between simulated and measured result was achieved.
I. INTRODUCTION
Microwave band pass filters play an important role in various RF/microwave circuits and systems. With the rapid development of microwave and millimeter wave communication systems, it greatly stimulates the demand on high performance bandpass filters with compact dimensions, low insertion loss, high attenuation in stopband and low cost [1] . A high-performance planar microwave filter is usually required to have good selectivity, good attenuation level in rejection bands and low insertion loss. The use of microwave filters with transmission zeros in certain frequencies are very convenient to achieve high performance and good selectivity [2] . Left handed transmission line is characterized by anti-parallel phase and group velocities. Also, it has a nonlinear progressive phase [3 -5] . Thanks to these properties, compact microwave devices such as power dividers, filters, phase shifter and resonators have been introduced [6 -12] . The composite right/left-handed (CRLH) transmission line (TL) has drawn particular attention in designing filters. It is implemented by periodically loading a conventional TL with lumped element series capacitors and shunt inductors [14] [15] [16] . A practical transmission line (TL) approach LHM is referred as a composite right / left handed (CRLH ) TL [17] . In the equivalent circuit model, right handed(RH) parameters consist of the series inductor and the shunt capacitor of the hosting TL while the series capacitor and shunt inductor are corresponding to the loading left handed (LH) elements [17] . It is seen that, at lower frequency, the RH elements, CR and LR, will be open circuited and short circuited, respectively. Thus, the CRLH unit cell equivalent circuit reduces to that of LH equivalent circuit and hence it acts as a nearly ideal LH TL. Similarly, at higher frequency, the CRLH unit cell equivalent circuit reduces to that of RH equivalent circuit and hence it acts as an ideal RH TL [17] . CRLH coupled filters have been introduced in [18, 19] . In this paper compact size second order bandpass filter for wireless applications is presented. The band pass filter is based on Composite Right/Left handed transmission line. The two resonators are designed depend on coupling matrix extraction and external quality factor. Based on the coupling coefficient approach, the performance of the device is investigated analytically and experimentally. The effect of the feed line configuration on the filter response is investigated also. A second order band pass filters with centre frequency of 4.77GHZ is designed, simulated and measured. The design and performance evaluation of the proposed filter has been done using the electromagnetic full wave simulation employing the commercial CST Microwave Studio. A Good agreement between simulated and measured result was achieved.
II. FILTER SYNTHESIS USING OPTIMIZATION TECHNIQUE
The coupling coefficient between resonators and the external quality factors at the input and the output resonator of the Fig.1 are extracted using optimization technique [20] . The transmission function S21 (ω') is given by [20] .
Original Article
Analysis of a compact size second order composite right/left handed coupled resonator band pass filter for wireless applications A network of multiple coupled lossless resonators is shown in Fig.1 . The coupling coefficient between resonators i and j is denoted by Mij =Mji. It is obvious that the voltage source with internal resistance R1 is excited the structure at the resonator 1. Also the load is considered a resistor R2 connected to resonator N. The normalized angular frequency ω' is related to ωo and the bandwidth Δω by [20] :
After analysis, the scattering parameters are given by [20] :
At this point, the synthesis problem can be formulated simply determine the coupling matrix [M] and the resistor R1 and R2 this problem can be solved using optimization. The optimization technique is formulated as minimization of a scalar cost function because it represents the difference between the performance achieved at any stage and the desired specifications. In the case of a microwave filter, the formulation of cost function may involve the specified and achieved values of the insertion loss and the return loss in the pass band, and the rejection in the stop band, so Filter characteristics obtained from the analysis are compared with the given specifications. If the results fail to satisfy the desired specifications, the designable (optimization) parameters of the filter are altered in a systematic manner. The sequence of filter analysis, comparison with the desired performance, and modification of designable parameters is performed iteratively until the optimum performance of the filter is achieved 21 . The cost function is given by [20] .
ω' zi and ω' pi are the zeros and poles of the filtering function FN it assumed to has P poles and N zeros respectively.
III. REALIZATION OF THE CRLH COUPLED RESONATOR FILTER
In this section we introduce the design and realization of the second order CRLH coupled resonator band pass filter. The filter specification is a bandwidth return loss= 10 dB, BW=200 MHz, and centre frequency f o =4.77 GHz. Hence, the fractional bandwidth (FBW) is BW/f o = 0.041. The proposed filter synthesis for the fundamental mode is designed based on the coupling matrix extraction and external quality factor at the input and the output resonator. The realization coupling matrix (M), and its actual matrix (m), which conforms for chosen topology is optimized and extracted as [20] .
The external quality factors are q1 = q2 = 0.735 and hence, the actual external quality factors at input and output Qei=Qeo are calculated as 
IV. CRLH COUPLED RESONATOR FILTER
The coupling coefficient of the CRLH resonators is illustrated in Fig. 2 . It is clear that to achieve the previous coupling coefficient [m] different orientation of the two resonators is investigated [21] . Therefore, the coupling coefficient results shown in Fig. 2 is achieved by proper orientation of a pair of identical CRLH resonators which are separated by a spacing S. The coupling coefficient which is shown in Fig. 2 is extracted using EM simulator by coupling the structure very weakly to a 50 Ω microstrip feed. The coupling coefficients can be extracted from the separation frequencies [21] . The CRLH coupled resonator band pass filter layout is shown in Fig. 3 . As shown in the figure, the filter is designed using two couple CRLH resonators. The filter is matched to two 50 Ω microstrip transmission lines at the filter ends. The microstrip filter is designed on substrate RO6010 with relative permittivity=10.2, a dielectric loss tangent =0.0027 and thickness (h) =1.27 mm. The coupling coefficient is extracted using EM simulator as shown in Fig.2 . The value of the external quality factor is extracted from the full-wave EM simulator when the feed line is slightly moved distance d. This is illustrated in the filter layout shown in Fig. 3 . According to the design procedures, the coupled resonator filter dimensions are as indicated in Fig. 3 . The transmission and reflection coefficient of the CRLH filter are shown in Fig. 4 . It can be seen that the filter bandwidth identified by 3 dB insertion loss lies between 4.67 GHz and4.87GHz. Within the frequency passband the filter has almost transmission coefficient (s 21 ) which is close to 1.8 dB and reflection coefficient better than -10 dB reflection coefficient. From Fig.4 it is clear that a reasonable agreement between the EM simulation and the theory depend on the optimization technique is achieved. The electric and magnetic field distributions at the center frequency 4.77GHz are shown in Fig5and  Fig6 respectively. It is obvious that the electric field is concentrated around the interdigital capacitor and also the magnetic field is concentrated around the vias as seen in. From Fig.5and Fig. 6 it is concluded that the coupling in the CRLH resonators is considered mixed coupling. The fabricated photograph of the CRLH bandpass filter is shown in Fig. 7 . As a final check for the designed CRLH filter, the scattering parameters of the filter were measured and compared to the simulated ones as illustrated in Fig. 8 . As shown in the figure, the experimental results illustrates that the center frequency of the fabricated filter is 4.81 GHz, approximately, with almost -10 dB return loss. Comparing to simulated results, we can claim that both simulated and experimental results has a good agreement between them However, there is frequency shift between the simulated and measured results can be observed. This can be as a result of the imperfect full wave simulation and the fabrication accuracy which cannot be totally avoided. 
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